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METHOD FOR FORMING CONDUCTIVE INTERCONNECTS 

BACKGROUND OF THE INVENTION 
1. FIELD OF THE INVENTION 

This invention relates generally to semiconductor fabrication technology, and, more 
particularly, to techniques for the formation of conductive interconnects. 



2. DESCRIPTION OF THE RELATED ART 

There is a constant drive within the semiconductor industry to increase the operating 
speed of integrated circuit devices, e.g., microprocessors, memory devices, and the like. This 
yaO drive is fueled by consumer demands for computers and electronic devices that operate at 

S increasingly greater speeds. This demand for increased speed has resulted in a continual 

y ' 

2 reduction in the size of semiconductor devices, e.g., transistors. That is, many components of 

a" t 

1" a typical field effect transistor (FET), e.g., channel length, junction depths, gate dielectric 
thickness, and the like, are reduced. For example, all other things being equal, the smaller the 

O 

yJ5 channel length of the FET, the faster the transistor w^ill operate. Thus, there is a constant drive 
O to reduce the size, or scale, of the components of a typical transistor to increase the overall 

speed of the transistor, as well as integrated circuit devices incorporating such transistors. 

Additionally, reducing the size, or scale, of the components of a typical transistor also 

increases the density, and number, of the transistors that can be produced on a given amount 
20 of wafer real estate, lowering the overall cost per transistor as well as the cost of integrated 

circuit devices incorporating such transistors. 



However, reducing the size, or scale, of the components of a typical transistor also 
requires reducing the size and cross-sectional dimensions of electrical interconnects to 
25 contacts to active areas, such as (P"') source/drain regions and a doped-polycrystalline 
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silicon (doped-polysilicon or doped-poly) gate conductor, and the like. As the size and 
cross-sectional dimensions of electrical interconnects get smaller, resistance increases and 
electromigration increases. Aluminum (Al) is most often used for interconnects in 
contemporary semiconductor fabrication processes primarily because aluminum is 
inexpensive and easier to etch than, for example, copper (Cu). However, aluminum has poor 
electromigration characteristics and higher resistivity than other metals, including copper. 

As a result of the difficulty in etching copper, when it is used, an alternative approach 
to forming vias and metal lines is typically employed. The damascene approach, consisting 
£J0 of etching openings such as trenches in the dielectric for lines and vias and creating in-laid 
O metal patterns, is the leading contender for fabrication of sub-0.25 micron (sub-0.25 ji) 
^j! design rule copper-metallized (Cu-metallized) circuits. 

h-^ In the damascene approach, vias, contact openings and trenches, for example, may be 

yj 5 formed in and through dielectric layers and other process layers using known photolithogra- 
O phy techniques. A layer or film of copper is then formed over the surface of the dielectric, 
filling the openings and trenches. The excess copper is then removed by polishing, grinding, 
and/or etching, such as by chemical/mechanical polishing, to leave only the copper in the 
openings or trenches, which form the copper interconnects. 

20 

Additionally, as semiconductor device geometry continues to shrink, providing 
insulating material between conductive layers or interconnects becomes more problematic. 
Improved dielectric materials having low dielectric constants, for example, 4.0 and lower, 
have been developed. By using these "low k" materials, dielectric layers may be formed 
25 somewhat thinner while maintaining the needed insulative characteristics. However, these 
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low k dielectric films may be damaged by etching and ashing processes associated with the 
use of photoresist masks, for example. Damage to these low k dielectric films due to 
photoresist ash processes can lead to increased line-to-line capacitance, leakage, poor inter- 
face adhesion with barrier metals and passivation layers, and decreased reliability. Further, 
these low k dielectric films contain nitrogen impurities that can cause DUV photoresist 
poisoning if the photoresist is in direct contact with the low k material. 



The present invention is directed to overcoming, or at least reducing the effects of, 
one or more of the problems set forth above. 



SUMMARY OF THE INVENTION 

In one aspect of the present invention, a method is provided for patterning a process 
layer in a semiconductor device. The method comprises forming the process layer above a 
structure layer, and forming a cap layer above the process layer. A photoresist layer is 
formed above the cap layer, and an opening is formed in the photoresist layer. The method 
fiirther comprises performing a first anisotropic etch into a region of the cap layer underlying 
the opening in the photoresist layer to form an etched region in the cap layer, leaving a 
portion of the cap layer in the etched region. The photoresist layer is removed from above 
the cap layer, and a second anisotropic etch is performed to form an etch pattern in the 
process layer. The structure layer may comprise, for example, a semiconductor substrate, a 
layer of conductive material, or other appropriate process layer. 

In another aspect of the present invention, a method is provided for forming a 
conductive interconnect in a semiconductor device. The method comprises forming a dielec- 
tric layer above a structure layer, forming a cap layer above the dielectric layer, forming a 
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photoresist layer above the cap layer, and forming an opening in the photoresist layer. A first 
anisotropic etch is performed into a region of the cap layer underlying the opening in the 
photoresist layer to form an etched region in the cap layer, leaving a portion of the cap layer 
in the etched region. The photoresist layer is removed from above the cap layer, and a 
5 second anisotropic etch is performed to form an opening in the dielectric layer, the opening in 
the dielectric layer having a sidewall. A barrier layer is formed above at least the sidewall of 
the opening in the dielectric layer, and a conductive material is deposited to fill at least the 
opening in the dielectric layer. The method fiirther comprises removing the cap layer. 

In yet another aspect of the present invention, a method is provided for forming a 
Q conductive interconnect in a semiconductor device. The method comprises forming a first 

m 

O process layer above a structure layer, forming a second process layer above the first process 

yj layer, forming a mask above the second process, the mask having an opening therein, and 

^ performing a first anisotropic etch into a region of the second process layer underlying the 

;r^J5 opening in the mask. The method fiirther comprises removing the mask from above the 

g second process layer, performing a second anisotropic etch to form an opening in the first 
process layer, and depositing a conductive material into the opening in the first process layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 The invention may be understood by reference to the following description taken in 

conjunction with the accompanying drawings, in which the leftmost significant digit(s) in the 
reference numerals denote(s) the first figure in which the respective reference numerals 
appear, and in which: 
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Figures 1-9 schematically illustrate a single-damascene copper interconnect process 
flow according to various embodiments of the present invention; 

Figures 10-18 schematically illustrate a dual-damascene copper interconnect process 
flow according to various embodiments of the present invention; 

Figures 19-24 schematically illustrate another dual-damascene copper intercormect 
process flow according to various embodiments of the present invention; and 

Figures 25-28 schematically illustrate yet another dual-damascene copper intercon- 
nect process flow according to various embodiments of the present invention. 

While the invention is susceptible to various modifications and altemative forms, 
specific embodiments thereof have been shown by way of example in the drawings and are 
herein described in detail. It should be understood, however, that the description herein of 
specific embodiments is not intended to limit the invention to the particular forms disclosed, 
but, on the contrary, the intention is to cover all modifications, equivalents, and altematives 
falling within the spirit and scope of the invention as defined by the appended claims. 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

Illustrative embodiments of the invention are described below. In the interest of 
clarity, not all featiares of an actual implementation are described in this specification. It will 
of course be appreciated that in the development of any such actual embodiment, numerous 
implementation-specific decisions must be made to achieve the developers' specific goals. 
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such as compliance with system-related and business-related constraints, which will vary 
from one implementation to another. Moreover, it will be appreciated that such a develop- 
ment effort might be complex and time-consuming, but would nevertheless be a routine 
undertaking for those of ordinary skill in the art having the benefit of this disclosure. 

5 

Illustrative embodiments of a method for semiconductor device fabrication according 
to the present invention are shown in Figures 1-28. Although the various regions and struc- 
tures of a semiconductor device are depicted in the drawings as having very precise, sharp 
configurations and profiles, those skilled in the art recognize that, in reality, these regions and 
"glO structures are not as precise as indicated in the drawings. Nevertheless, the attached drawings 



r3 



are included to provide illustrative examples of the present invention. 



In general, the present invention is directed to the manufacture of conductive inter- 
connects in a semiconductor device. As will be readily apparent to those skilled in the art 
H5 upon a complete reading of the present application, the present method is applicable to a 
variety of technologies, for example, NMOS, PMOS, CMOS, and the like, and is readily 
applicable to a variety of devices, including, but not limited to, logic devices, memory 
devices, and the like. 



20 As shovra in Figure 1, a first process layer 120, for example, a dielectric layer 120, 

may be formed above a structure layer 100 such as a semiconducting substrate. However, the 
present invenfion is not limited to the formation of the process layer 120 above the surface of 
a semiconducting substrate such as a silicon wafer, for example. Rather, as will be apparent 
to one skilled in the art upon a complete reading of the present disclosure, the process layer 

25 120 may be formed above previously formed semiconductor devices and/or process layer. 
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e.g., transistors, or other similar structure. In effect, the present invention may be used to 
form process layers on top of previously formed process layers. The structure layer 100 may 
be an underlayer of semiconducting material, such as a silicon substrate or wafer, or, alterna- 
tively, may be an underlayer of semiconductor devices, such as a layer of metal oxide semi- 
conductor field effect transistors (MOSFETs), and the like, and/or a metal interconnection 
layer or layers and/or an interlevel (or interlayer) dielectric (ILD) layer or layers, and the like. 

In a single-damascene copper process flow that may embody the present invention, as 
shown in Figures 1-9, the dielectric layer 120 is formed above the structure layer 100. The 
dielectric layer 120 may be formed by a variety of knovra techniques for forming such layers, 
e.g., a chemical vapor deposition (CVD) process, a low-pressure CVD (LPCVD) process, a 
plasma-enhanced CVD (PECVD) process, a sputtering process, a physical vapor deposition 
(PVD) process, a spin-on coating process (such as a spin-on glass process), and the like, and 
it may have a thickness ranging from approximately 3000 A-8000 A, for example. 

The dielectric layer 120 may be formed from a variety of dielectric materials, includ- 
ing, but not limited to, silicon dioxide, silicon oxynitride, or other dielectric material having a 
relatively low dielectric constant (where k is less than or equal to about 4), although the 
dielectric materials need not have low dielectric constants. Examples include Applied 
MateriaFs Black Diamond®, Novellus' Coral®, Allied Signal's Nanoglass®, JSR's LKD5104, 
and the like. In one illustrative embodiment, the dielectric layer 120 is comprised of Applied 
Material's Black Diamond®, and has a thickness of approximately 5000 A, being formed by 
being blanket-deposited by an LPCVD process for higher throughput. 
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Thereafter, a second process layer 130 is formed above the first process layer 120, 
Le., above the dielectric layer 120. The second process layer 130 in the illustrative embodi- 
ment is a cap layer comprised of tetraethyl orthosilicate (TEOS) oxide. Other materials suit- 
able for forming the cap layer 130 include, but are not limited to, silicon nitride (Si3N4), 
silicon carbide (SiC) and silicon oxynitride (SiON). The cap layer 130 may be formed above 
the dielectric layer 120 by any suitable technique, including, for example, those techniques 
mentioned above. The cap layer 130 may, for example, be comprised of TEOS oxide 
deposited by a CVD process, and it may have a thickness ranging from approximately 500- 
1500 A, for example. As will be more fully explained below, the thickness of the cap layer 
130 will be chosen to compensate for etch selectivity. If desired, the second process 
layer 130 may be planarized using a chemical-mechanical polishing (CMP) process. 



The second process layer 130 has an anti-reflective coating (ARC) layer 160, for 
example, silicon nitride, formed thereon. The layer 160 may be comprised of any material 
suitable for the desired function of the layer 160, including, for example, Si3N4, SiON and 
various organic materials. The layer 160 may perform various functions, including an anti- 
reflective function to reduce deleterious effects of the photolithography and etching processes 
on the resulting structures formed. The layer 160 may also act as an etch stop layer. The 
layer 160 may be formed above the second process layer, or cap layer, 130 by any suitable 
technique, including, for example, any suitable deposition technique. The ARC layer 160 
may, for example, be comprised of silicon nitride deposited by a PECVD process, and it may 
have a thickness ranging from approximately 100-1000 A, for example. 



A mask is then formed by using a photoresist layer 150 and photolithography. For 
example, a layer 150 of photoresist material may be formed above the anti-reflective coating 
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layer 160. An opening 170 may be formed in the photoresist layer 150 by using a variety of 
well-known photolithography techniques. 

Referring now to Figure 2, one or more anisotropic etching processes are performed 
through the ARC layer 160 and into the cap layer 130 underlying the opening 170 in the 
photoresist layer 150 to define an etched region 220 in the cap layer 130. A single aniso- 
tropic etching process may be employed to form the etched region 220, or two (or more) such 
processes may be employed - a first for the ARC layer 160 and a second for the cap layer 
130. Any desired number of such processes may be employed as appropriate. The etched 
region 220 may be formed in the cap layer 130 by using a variety of known anisotropic 
etching techniques, such as a reactive ion etching (RIE) process using hydrogen bromide 
(HBr) and argon (Ar) as the etchant gases, for example. Alternatively, an RIE process with 
CHF3 and Ar as the etchant gases may be used, for example. Plasma etching may also be 
used in various illustrative embodiments. The etched region 220 is formed in the cap layer 
130 to a depth of "X," as shovra in Figure 2. The depth "X" is less than the total thickness of 
the cap layer 130, leaving a thickness "Y" of the cap layer 130 in the etched region 220 of the 
cap layer 130. After the anisotropic etching process, the thickness "Y" of the cap layer 130 
will overlay the dielectric layer 120, protecting the dielectric layer 120 from any contamina- 
tion or damage resulting fi^om subsequent removal, for example by ashing, of the photoresist 
material 150. Moreover, the pattern in the photoresist mask, represented by the photoresist 
material 150 and the opening 170, has been transferred to the cap layer 130 by the anisotropic 
etching process. 

The distance "X" to which the anisotropic etching process proceeds, as well as the 
thickness "Y" that is left remaining to overlay the process layer 120, are matters of design 
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choice. Various considerations will determine the values of "X" and "Y," including but not 
limited to, the specific materials used to form the layers 120 and 130, the etch selectivity of a 
subsequent anisotropic etch (described below) to the materials of the layers 120 and 130, and 
the desired thickness of the cap layer 130 following the subsequent anisotropic etch 
(described below). For example, when the process layer 120 is comprised of any number of 
low dielectric films at a thickness of approximately 3000-7000 A, and the cap layer 130 is 
comprised of TEOS oxide at a thickness of approximately 600-1500 A, the distance "X" may 
be in the range of approximately 300-1000 A and the thickness "Y" may be in the range of 
300-500 A, assuming substantially all of the cap layer 130 is to be removed during the subse- 
quent anisotropic etching process (described below). If a substantial portion of the cap layer 
130 is to remain following the subsequent anisotropic etching process, it may be desirable for 
"X" to be less than approximately 1000 A and "Y" to be greater than approximately 500 A. 

Referring to Figure 3, after the anisotropic etching process is performed to define the 
etched region 220, the patterned photomask 150 (Figures 1-2) is stripped off, by ashing, for 
example. Alternatively, the pattemed photomask 150 may be stripped using a 1 :1 solution of 
sulftiric acid (H2SO4) to hydrogen peroxide (H2O2), for example. Because the dielectric layer 
120 is covered by the thickness "Y" of the cap layer 130 in the etched region 220, the dielec- 
tric layer 120 will not be contaminated or damaged by the process used to remove the 
photoresist layer 150, by ashing, for example. As is evident from Figure 3, the pattern from 
the photoresist mask has been transferred to the cap layer 130. This pattemed cap layer 130 
will then serve as a mask for transferring the pattem to the underlying process layer 120. 

Referring now to Figure 4, following removal of the pattemed photoresist layer 1 50 
(see Figures 1 and 2), a subsequent anisotropic etching process is performed. This subse- 
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quent anisotropic etching process will remove any remaining portion of the cap layer 130 
underlying the etched region 220 and will anisotropically etch the process layer 120 under- 
lying the etched region 220. Any suitable anisotropic etching process may be employed, 
including, for example, an Ar/02 process or a CHF3 process. 

This subsequent anisotropic etching process may be selected such that the ARC layer 
160 and all, or a substantial part, of the cap layer 130 underlying the ARC layer 160 will be 
removed. For example, a CHF3 process will etch the ARC layer 160 and all or substantially 
all of the cap layer 130 while simultaneously etching the process layer 120 underlying the 
etched region 220. In particular, the initial thickness of the ARC layer 160 and the cap layer 
130 may be chosen such that all or substantially all of both layers 130, 160 will be removed 
during this second anisotropic etching process. Alternatively, the thicknesses of the ARC 
layer 160 and the cap layer 130 may be selected and the anisotropic etching process may be 
selected such that all or substantially all of the ARC layer 1 60 and all or substantially all of 
the cap layer 130 will remain following this subsequent anisotropic etching process. For 
example, a CHF3 process can etch the remaining portion of the cap layer 130 underlying the 
etched region 220, as well as etch the process layer 120 underlying the etched region 220 
without removing a substantial portion of the ARC layer 160 and/or the cap layer 130 under- 
lying the ARC layer 160. The thicknesses of the ARC layer 160 and the cap layer 130 may 
be chosen, in view of the etch selectivity of the second anisotropic etching process with 
regard to the process layer 120, such that the desired portion of the cap layer 130 and/or the 
ARC layer 160 will remain following the second anisotropic etching process. 

Figure 4 illustrates the result of using an anisotropic etching process wherein all or 
substantially all of the ARC layer 160, as well as the underlying cap layer 130, remains 
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following the subsequent anisotropic etching process. Figure 5 illustrates the result of using 
an anisotropic etching process wherein all or substantially all of the ARC layer 160 and all or 
substantially all of the cap layer 130 is removed by the subsequent anisotropic etching 
process. Figure 6 illustrates the result of using an anisotropic etching process that removes 
substantially all of the ARC layer 160 and a portion of, but not all of, the cap layer 130 
underlying the ARC layer 160. That is, the cap layer 130 is "thinned" during this anisotropic 
etching process, but a portion of the cap layer 130 remains. As will be appreciated by the 
person of ordinary skill in the art having the benefit of this disclosure, a variety of configura- 
tions may be formed by appropriate selection of the anisotropic etching process. Following 
the subsequent anisotropic etching process, a post-etch clean may be performed. 



As shown in Figure 7, a thin barrier metal layer 725A and a copper seed layer 725B 
(or a seed layer of another conductive material) are applied to the entire surface using 
vapor-phase deposition. The barrier metal layer 725A and the copper (Cu) seed layer 725B 
blanket-deposit an entire upper surface 730 of the process layer 120 as well as the side 
surfaces 732 and a bottom surface 750 of the etched region 220, forming a conductive 
surface 735, as shown in Figure 7. If, following the above-described subsequent anisotropic 
etching process, all or a portion of the ARC layer 160 and/or the cap layer 130 remain, the 
barrier metal layer 725A and the copper seed layer 725B will overlay those remaining 
portions. 



The barrier metal layer 725A may be formed of at least one layer of a barrier metal 
material, such as tantalum (Ta) or tantalum nitride (TaN), and the like, or, alternatively, the 
barrier metal layer 725A may be formed of multiple layers of such barrier metal materials. 
For example, the barrier metal layer 725A may also be formed of titanium nitride (TiN), 
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titanium-tungsten, nitrided titanium-tungsten, magnesium, a sandwich barrier metal 
Ta/TaN/Ta material, or another suitable barrier material. Tantalum nitride (TaN) is believed 
to be a good diffusion barrier to copper (Cu). Tantalum (Ta) is believed to be easier to deposit 
than tantalum nitride (TaN), while tantalum nitride (TaN) is easier to subject to a chemical 
mechanical polishing (CMP) process than tantalum (Ta). The copper seed layer 725B may 
be formed on top of the one or more barrier metal layers 725 A by physical vapor deposition 
(PVD) or chemical vapor deposition (CVD), for example. 

The bulk of the copper trench-fill is frequently done using an electroplating technique, 
where the conductive surface 735 is mechanically clamped to an electrode (not shown) to 
establish an electrical contact, and the structure layer 100 and overlying layers are then 
immersed in an electrolyte solution containing copper (Cu) ions. An electrical current is then 
passed through the workpiece-electrolyte system to cause reduction and deposition of copper 
(Cu) on the conductive surface 735, In addition, an alternating-current bias of the work- 
piece-electrolyte system has been considered as a method of self-planarizing the deposited 
copper (Cu) film, similar to the deposit-etch cycling used in high-density plasma (HDP) 
tetraethyl orthosilicate (TEOS) dielectric depositions. 

As shown in Figure 8, this process typically produces a conformal coating of a copper 
(Cu) layer 840 of substantially constant thickness across the entire conducfive surface 735. 
The copper (Cu) layer 840 may then be annealed using a rapid thermal anneal (RTA) process. 
For example, the copper (Cu) layer 840 may be annealed using an RTA process performed at 
a temperature ranging from approximately 100-400°C for a time ranging from approxi- 
mately 10-180 seconds. Alternatively, the copper (Cu) layer 840 may be annealed using a 
furnace anneal process at a temperature ranging from approximately 100-400°C for a time 
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ranging from approximately 1 0-90 minutes. In various alternative embodiments, the copper 
(Cu) layer 840 may be annealed using a rapid thermal anneal (RTA) process performed at a 
temperature ranging from approximately 250-350°C for a time ranging from approxi- 
mately 10-180 seconds. In still other various illustrative embodiments, the copper (Cu) 
layer 840 may be annealed using a furnace anneal process at a temperature ranging from 
approximately 250-350°C for a time ranging from approximately 10-90 minutes. The use of 
an anneal process and/or the conditions under which it may be performed should not be 
considered a necessary feature of the present invention unless specifically set forth in the 
appended claims. 



As shown in Figure 9, following the post-deposition anneal described above, the 
copper (Cu) layer 840 is planarized using chemical mechanical polishing (CMP) techniques. 
The planarization using CMP clears copper (Cu) and barrier metal from the entire upper 
surface 730 of the process layer 120, leaving a copper (Cu) portion 940 of the copper (Cu) 
layer 840 remaining to form a copper (Cu) interconnect 945, adjacent remaining 
portions 925A and 925B of the one or more barrier metal layers 725A and copper seed 
layer 725B, respectively, as shown in Figure 7. If any portion of the ARC layer 160 and/or 
the cap layer 130 remain following the second anisotropic etching process, those remaining 
portions may be removed during the CMP process, as desired. 



Figures 10-18 schematically illustrate a dual-damascene copper interconnect process 
flow utilizing aspects of the present invention. Figure 10 illustrates a structure layer 100 on 
which a first process layer 120 has been formed. The first process layer 120 may comprise a 
dielectric layer as described above in connection with Figures 1-9. Various materials that 
may be used to form the process layer 120 and the various ways in which it may be formed 
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were described above. A cap layer 130 is formed above the first process layer 120, and the 
materials that may be used to form the cap layer 130 and the various ways in which it may be 
formed were described above in connection with Figures 1-9. An anti-reflective coating 
(ARC) layer 160 is formed above the cap layer 130 in the manner and using materials 
described above in connection with Figures 1-9. A layer of photoresist material 150 is 
formed above the ARC layer 1 60, and an opening 1 70 is formed in the layer of photoresist 
material 150 using well-known photolithography techniques. 



O An anisotropic etching process is performed through the opening 170 in the layer of 

10 photoresist material 150 to create an etched region 220. The etched region 220 extends 

through the ARC layer 160 and into the cap layer 130, as illustrated in Figure 10. A single or 
f7i multiple anisotropic etching processes may be utilized in forming the etched region 220, as 

appropriate. The depth to which the etched region 220 will extend into the cap layer 130 is a 
p matter of design choice as described above in connection with Figure 2. Generally, in the 

yj 

G 15 illustrative example shown in Figures 10-18, the initial anisotropic etching process to form 
the etched region 220 illustrated in Figure 10 will leave a substantial portion of the cap layer 
130 underlying the etched region 220. That is, in the embodiment illustrated in Figure 10, the 
length of the sidewall 1020 into the cap layer 130 will typically be less than the distance "X" 
illustrated in the embodiment of Figure 2. The etched region 220 will extend to a surface 
20 1030 in the cap layer 130 of Figure 10. 



Following the first anisotropic etch to begin the etched region 220 in the cap layer 
130, the layer of photoresist material 150 will be removed, for example, by ashing. Because 
the dielectric layer 120 remains covered by at least a portion of the cap layer 130, it is 
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protected from contamination or damage that may occur during the ashing of the photoresist 
material 150. 

Referring now to Figure 11, following removal of the layer of photoresist material 
(see Figure 10), a second layer of photoresist material 1 150 will be formed above the ARC 
layer 160. An opening 1 170 will be formed in the layer of photoresist material 1150. The 
opening 1 1 70 will be larger than the opening 1 70 illustrated in Figure 1 0, leaving an upper 
surface 1 1 10 of the ARC layer 160 exposed. 

Referring now to Figure 12, a second anisotropic etching process will be performed 
through the opening 1 170 in the layer of photoresist material 1 150. This anisotropic etching 
process will extend and enlarge the etched region 220 to include an additional portion of the 
ARC layer 160 and an enlarged area of the cap layer 130. After the second anisotropic 
etching process, the etched region 220 will extend to a surface 1230 in the cap layer 130 and 
to a surface 1210 in the cap layer 130. Sidewalls 1220 and 1240 will be formed in the cap 
layer 130. As in the case of the first anisotropic etching process, a single or multiple aniso- 
tropic etching processes may be utilized as the second anisotropic etching process to enlarge 
and extend the etched region 220. The depth to which the etched region 220 will extend into 
the cap layer 130 after the second anisotropic etching process is a matter of design choice. 
However, following the second anisotropic etching process (whether a single or multiple 
processes), at least a portion of the cap layer 130 will remain underlying the etched region 
220 to protect the process layer 120 from exposure to any process conditions used to remove 
the photoresist layer 1 150 and from any result of such removal. 
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As illustrated in Figure 13, following this second anisotropic etching process, the 
layer of photoresist material 1150 will be removed, for example, by ashing. Because the 
dielectric layer 120 remains protected by at least a portion of the cap layer 130, it will not be 
subject to contamination or damage due to any process used to remove the layer of photo- 
resist material 1150. Following removal of the photoresist material 1150, a portion of the 
ARC layer 160 will remain and a step-wise pattern will have been formed in the cap layer 
130. 



r% Following removal of the photoresist material 1150, a third anisotropic etching 

Cf 10 process will be performed. Figures 14 and 15 illustrate the progression and end result of one 

a 

Oj possible third anisotropic etching process. In the process illustrated in Figures 14 and 15, the 
anisotropic etching process will not substantially affect the ARC layer 160 and the portion of 
^ the cap layer 130 underlying that portion of the ARC layer 160. Rather, the anisotropic 

'f^: etchmg process will etch the exposed portion of the cap layer 130 as well as the underlying 

I • ^ 

p 15 first process layer 120. That is, the step-wise pattern formed in the cap layer (see Figure 13) 
will be extended through the cap layer 130 and into the first process layer 120. As illustrated 
in Figure 15, one possible third anisotropic etching process will extend the etched region 220 
to an upper surface 1530 of the structure layer 100. In addition, the anisotropic etching 
process will extend to surfaces 1510 within the first process layer 120, creating side walls 
20 1520 and 1540 in the first process layer 120. 



Figures 1 6 and 1 7 show another possibility for the progression and end result of the 
third anisotropic etching process. For example, the third anisotropic etching process may be 
selected such that it will etch away substantially all of the remaining portion of the ARC layer 
25 160 and begin to etch into the underlying cap layer portion 130, as shown in Figure 16. As 
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illustrated in Figure 17, this third anisotropic etching process may extend the etched region 
220 to an upper surface 1730 of the structure layer 100 as well as to surfaces 1710 within the 
first process layer 120. Again, sidewalls 1720 and 1740 will be created in the first process 
layer 120. In this particular third anisotropic etching process, substantially all of the ARC 
layer 160 will have been completely removed and all or substantially all of the cap layer 130 
will also have been removed, leaving an exposed upper surface 1750 of the first process layer 
120. As discussed in connection with Figures 4-6 above, the thicknesses of the cap layer 130 
and the ARC layer 160 may be selected, in view of the selectivity of the third anisotropic 
etching process, such that any desired thickness, if any, of the cap layer 130 and/or the ARC 
layer 160 will remain following the third anisotropic etching process. 

Figure 1 8 illustrates an end result when yet another illustrative third anisotropic etch- 
ing process has been selected. In the example of Figure 18, the anisotropic etching process 
has been selected such that it will remove substantially all of the ARC layer 160 and a portion 
of the underlying cap layer 130. In this illustrative example, the cap layer 130 is "thinned" 
by the third anisotropic etching process, but it is not removed entirely. Rather, a portion of 
the cap layer 130 will remain. The etched region 220 will be extended to the upper surface 
1730 of the structure layer 100 and to the surface 1710 within the process layer 120. Again, 
the sidewalls 1720 and 1740 will have been formed within the first process layer 120. This 
particular third anisotropic etching process will extend to create an upper surface 1850 within 
the cap layer 130. The extent to which the ARC layer 160 and the cap layer 130 are to 
remain or be removed during the third anisotropic etching process is a matter of design 
choice and, together with the thicknesses of the layers 130 and 160, will determine the 
particular process used for the third anisotropic etching process as well as the various 
parameters associated with such process, such as, duration and chemistry. Any portion of the 
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ARC layer 160 and/or the cap layer 130 that remains after the third anisotropic etching 
process may be removed, if desired, by a CMP process performed later. Alternatively, those 
remaining portions may be removed by other suitable or desirable techniques. 

Follow^ing the third anisotropic etching process, three possible resuhs of which are 
illustrated in Figures 15, 17 and 18, a barrier layer will be deposited as described in connec- 
tion with Figures 1-9. Following formation of the barrier layer, a conductive material will be 
deposited, as before. When the conductive material to be deposited is copper, a copper seed 
layer may first be formed above the barrier layer before an electroplating process is used to 
coat a layer of copper over the device. Following the deposition of the conductive material, 
the process may continue as described in connection with Figures 7-9. 

Figures 19-24 schematically illustrate another dual-damascene copper interconnect 
process flow utilizing various aspects of the present invention. As shown in Figure 19, a 
structure layer 100 has formed above it a first process layer 120, for example, a dielectric 
layer. A first cap layer 130 is formed above the first process layer 120, and a second cap 
layer 1980 is formed above the first cap layer 130. As will be appreciated by the person of 
ordinary skill in the art having benefit of this disclosure, the materials used to form the first 
cap layer 130 and the second cap layer 1980, as well as the thicknesses of the first cap layer 
130 and the second cap layer 1980, will be chosen in view of etch selectivities, for examples. 
An ARC layer 1960 is formed above the second cap layer 1980, and a layer of photoresist 
material 1950 is formed above the ARC layer 1960. An opening 1970 is formed in the layer 
of photoresist material 1950 through which an anisotropic etching process will be performed. 
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A first anisotropic etching process will be performed through the opening 1970 in the 
layer of photoresist material 1950 to create an etched region 1920. The etched region 1920 
will extend to a surface 1930 in the first cap layer 130, yielding a sidewall 1920 in the first 
cap layer 130. That is, in the embodiment illustrated in Figure 19, the first anisotropic 
5 etching process will etch through the ARC layer 1960, through the second cap layer 1980, 
and into the first cap layer 130. Altemafively, although not depicted in Figure 19, the first 
anisotropic etching process may etch through the ARC layer 1960 and into the second cap 
layer 1980, but need not extend into the first cap layer 130. In that circumstance, the etched 
region 1920 will extend into the second cap layer 1980 but will not extend into the first cap 
10 layer 130. The depth of the etched region 1920 following the first anisotropic etching process 
O will be a matter of design choice, as will be appreciated by the person of ordinary skill in the 

m 



7™ 



20 



art having the benefit of this disclosure. 



Following the first anisotropic etching process, the layer of photoresist material 1950 



yj 15 will be removed, for example, by ashing or other suitable process. For example, the layer of 

P 

p photoresist material 1950 may be removed using conventional oxygen plasmas. Because the 
first process layer 120, for example, a dielectric layer, remains protected by at least a portion 
of the first cap layer 130, the first process layer 120 will not be subject to damage due to any 
process used to remove the layer of photoresist material 1950. 



Following removal of the layer of photoresist material 1950, a second layer of 
photoresist material 2050 will be formed over the ARC layer 1960, as illustrated in Figure 20. 
An opening 2070 will be created in the layer of photoresist material 2050 through which a 
second anisotropic etching process will be performed. 



25 
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As illustrated in Figure 21, the second anisotropic etching process will extend the 
etched region 1920 further into the first cap layer 130 to a surface 2130 in the first cap layer 
130. In the circumstance where the first anisotropic etching process does not invade the first 
cap layer 130 (not illustrated), the second anisotropic etching process will extend the etched 
region 1920 through any remaining portion of the second cap layer 1980 and into the first cap 
layer 130, creating a sidewall 2120 in the first cap layer 130. The second anisotropic etching 
process will also etch that portion of the ARC layer 1960 (see Figure 20) not underlying the 
layer of photoresist material 2050, and will etch at least a portion of the second cap layer 
1980, as illustrated in Figure 21. The second anisotropic etching process will extend to a 



%d 1 0 surface 2110 within the second cap layer 1980. 



Following the second anisotropic etching process, the layer of photoresist material 
2050 will be removed, for example, by ashing or other suitable process. Because the first 
process layer 120 remains covered by at least a portion of the first cap layer 130, the first 
J 15 process layer 120 will not be subject to damage that might otherwise be created by any 
process utilized to remove the layer of photoresist material 2050. Figure 22 illustrates the 
structure following removal of the layer of photoresist material 2050. 



Following removal of the layer of photoresist material 2050, a third anisotropic 
20 etching process will be performed. As illustrated in Figure 23, this third anisotropic etching 
process will extend the etched region 1920 to an upper surface 2330 of the structure layer 
100. This third anisotropic etching process will also extend to a surface 2310 within the first 
process layer 120, creating sidewalls 2320 and 2340 within the first process layer 120. The 
sidewall 2340, in the illustrafion of Figure 23, will extend from within the first process layer 
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120 upward through the first cap layer 130, the second cap layer 1980, and the ARC layer 
1960. 

Figure 24 illustrates an alternative result from the third anisotropic etching process. 
In the illustration of Figure 24, the third anisotropic etching process has been selected such 
that it will etch the ARC layer 1960, the second cap layer 1980, and at least a portion of the 
first cap layer 130. That is, the cap layer 130 will be thinned during the third anisotropic 
etching process. By selecting an appropriate third anisotropic etching process, the first cap 
layer 130 may be completely, or substantially completely, removed during the third aniso- 
tropic etching process. Alternatively, the first cap layer 130 may be allowed to remain in its 
entirety, and the third anisotropic etching process may etch some or all of the second cap 
layer 1980. 

Following the third anisotropic etching process, a conductive interconnect and trench 
may be formed as discussed in connection with Figures 7-9. In particular, referring to Figure 
24, the barrier layer may be formed over the surface 2330 of the structure layer 100, along the 
sidewalls 2320 and 2340 in the first process layer 120, and over the surface 2310 in the first 
process layer 120. That portion of the conductive material that ultimately overlays the 
surface 2330 of the structure layer 100 may comprise, for example, a conductive plug, 
whereas that portion of the conductive material that ultimately overlays the surface 2310 in 
the first process layer 1 20 may comprise, for example, a conductive trench. If any portion of 
the first cap layer 130, the second cap layer 1980 and/or the ARC layer 1960 remains 
following the third anisotropic etch, all or a portion of those layers may be removed, if 
desired, by a chemical mechanical polishing (CMP) process used to remove excess conduc- 
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tive material during formation of the conductive plug and trench. This CMP step was 
described in connection with Figures 8 and 9. 

Figures 25-28 schematically illustrate yet another dual-damascene copper intercon- 
nect process flow utilizing various aspects of the present invention. Referring to Figure 25, a 
structure layer 100 has formed above it a first process layer 120. As before, the first process 
layer 120 may comprise a dielectric layer, and in particular, a low k dielectric layer. A buried 
hard mask 2540 may be formed above the first process layer 120. The hard mask 2540 may 
be comprised of a variety of materials, e,g,, silicon nitride, TEOS oxide, etc. The hard mask 
2540 may have an opening 2590 therein. A second process layer 2530 is formed above the 
first process layer 120 and above the hard mask 2540. In the opening 2590 in the hard mask 
2540, the second process layer 2530 adjoins the first process layer 120. A cap layer 2580 is 
formed above the second process layer 2530, and an ARC layer 2560 is formed above the cap 
layer 2580. A layer of photoresist material 2550 is formed above the ARC layer 2560, and an 
opening 2570 is formed in the layer of the photoresist material 2550. A first anisotropic 
etching process is performed through the opening 2570 to form the etched region 2520 that 
includes the ARC layer 2560 and a portion of the cap layer 2580. 

Referring to Figure 26, following the first anisotropic etching process, the layer of 
photoresist material 2550 is removed from atop the ARC layer 2560, for example, by ashing 
or other suitable process. Because the first process layer 120 and the second process layer 
2530 are protected by at least a portion of the cap layer 2580, they are not exposed to poten- 
tial damage that could be caused by removal of the layer of photoresist material 2550. 
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Referring now to Figure 27, following removal of the layer of photoresist material 
2550, a subsequent anisotropic etching process is performed. In the illustration of Figure 27, 
this subsequent anisotropic etching process is chosen such that the ARC layer 2560 will not 
be consumed. As a result, the cap layer 2580 underlying the ARC layer 2560 will also not be 
5 consumed. The subsequent anisotropic etching process extends the etched region 2520 to an 
upper surface 2710 of the hard mask 2540. In the region of the opening 2590 in the hard 
mask 2540, the subsequent anisotropic etching process will extend the etched region 2520 to 
an upper surface 2730 of the structure layer 100. A sidewall 2720 is created in the first 
process layer 120 which is substantially aligned with an edge 2760 of the hard mask 2540. A 
10 sidewall 2740 in the etched region 2520 is substantially aligned with an edge 2770 of the hard 
mask 2540. 
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Referring to Figure 28, the subsequent anisotropic etching process following the 
removal of the layer of photoresist material 2550 may be chosen to remove the ARC layer 
W 15 2560 and at least a portion of the cap layer 2580. Alternatively, the subsequent anisotropic 
etching process may be chosen to remove the ARC layer 2560 and all or substantially all of 
the cap layer 2580. 

Following the subsequent anisotropic etching process, as illustrated in Figures 27 and 
20 28, for example, the formation of an interconnect may be completed as discussed in connec- 
tion with Figures 7-9. That is, a barrier metal layer may be deposited along the top surface of 
the sandwiched structure and in the opening 2520, following by a copper seed layer, for 
example, and an electroplating of a copper material to fill the opening 2520. Subsequent 
chemical mechanical polishing steps may be performed to remove any excess conductive 
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material along with any desirable portion of the remaining ARC layer 2560 and cap layer 
2580. 



The particular embodiments disclosed above are illustrative only, as the invention 
may be modified and practiced in different but equivalent manners apparent to those skilled 
in the art having the benefit of the teachings herein. Furthermore, no limitations are intended 
to the details of construction or design herein show^n, other than as described in the claims 
below^. It is therefore evident that the particular embodiments disclosed above may be altered 
or modified and all such variations are considered within the scope and spirit of the invention. 
Accordingly, the protection sought herein is as set forth in the claims below. 
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